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Abstract - The hydrolysis of 2 - t - b u t y l - 5 - i l a l o p y r i m i d i n e  (halogen 

= bromine or chlorine) with sodium methoxidc in methanol yields 

2-~-butyl-5-hydroxypyrimidine. Tile side reaction product, 

2-+-butylpyrimidine, is substantially reduced, especially in the 

case of thc bromo derivative, with catalytic amounts of elemental 

sulfur. 

The 2-alkyl-5-hydroxypyrimidines are valuable intfrmediatcs for the synthesis 

of pyrimidyl phosphate insecticides.' Recently, we published the synthesis 

of 2-alkylpyrimidines via dehydrogenation of thc 2 - o l k y l - 1 . 4 . 5 . 6 - t e t r a h y d r o -  

pyrimidines.2 Since halogenation of alkylpyrimidines to alkyl-5-halopyrimidines 

is well documented in tbe literat~re.~ thc successful hydrolysis of the halo 

derivatives represents an attractive route to the desired 2-alkyl-5-hydroxy- 

pyrimidines. This papor describes a method for the hydrolysis of the 

2-alkyl-5-halopyrimidines. specifically the 2-t-butyl derivative. 

Tie j-chloro and 5-bromo derivatives of 2-t-but)lpyrimidine (2 )  were prepared 

by halogenation of 2-t-butylpyrimidine (1) in acetic acid with sodium acetate 

buffer. 

X OCH, 
I YH 

(a, X = Br) 

(b, X = CI) 



Exploratory experiments on the hydrolysis of & with sodium hydroxide in either 

ethylene glycol or dimethyl sulfoxide were not encouraging; but the use of 

methanol and sodium methoxide under pressure at 135-160°C gave good conversions 

of the starting material to a mixture of the desired pyrimidinol, 4, and the - 

reduced pyrimidine, 1. The intermediate methoxypyrimidine 2 is also produced 

in significant amounts either at short reaction tines or lower temperatures. 

(See  Table I . )  An attempt to replace sodium methoxide with sodium hydroxide 

gave additionally poor yields of in addition to 10-15% of the 2-t-butyl- 

3 .4 -d ihydro-4-0x0-pyr imid ine .  2.  Presumably, - 5 is forned via an alternative 

mechanism involving a benzyne intermediate. The formation of the reduced 

pyrimidine 1 may occur by a radical anion mechanism as discussed by Bunnett. 4 

The mechanism does not define either the initiation step or the termination 

step but does suggest a means of inhibiting tire reduction. Inhibitors that 

are better electron acceptors than the aryl halide and block dehalogenation 

R. + CH30H + RH + CH20H 

CH30- + CHzOH * CH30H + CHzO- 

C H 2 0 - +  HetBr -t CH20 + [HetBr].. 

[HetBr].- -r Het. + Br- 

Het . + CH30H -t HetH + CH20H 

by capturing an electron from 'CH 0- and thereby are reduced to the inhibitor 2 

radical anion which acts as a chain terminator. The results of several 

inhibitors are summarized in Table 1. As noted for Runs 1 and 2, the hydrolysis 

of 2 with sodium methoxide in methanol yields approximately 408 of the reduced 

pyrimidine 1. The addition of either 2-methylpyridine-1-oxide or di-n-butyl 

disulfide (Runs 3-6) significantly reduces the amount of 1 in the product. 
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Run 

1 

2  

3 

4  

5  

6  

7  

8 

9 

1 0  

11 

1 2  

1 3  

1 4  

1 5  

16 

1 7  

1 R 

T a b l e  1. H y d r o l y s i s  o f  2-t-Butyl-5-halopyrimidine* 

Moles 
H a l i d e  M e t h o x i d e  

I n h i b i t o r  
( m o l  % )  

0  

0  

A ( 1 0 )  

A ( 2 0 1  

B 1 5 )  

B ( 1 0 )  

C ( 0 . 5 )  

C ( 1 . 5 )  

C ( 2 . 5 )  

C ( 2 . 5 )  

C ( 2 . 5 )  

C ( 5 . 0 )  

C ( 5 . 0 )  

C ( 7 . 5 )  

-- 

-- 

C ( 2 . 5 )  

C ( 2 . 5 )  

M a s s  1 - - 
B a l a n c e  

9 6  4 5  

1 0 6  3 7  

9 3  1 2  

8 9 1 2  

1 0 4  1 2  

1 1 4  7  

111 1 2  

111 1 0  

1 0 2  8 

1 1 6  5  

9 3  8 

9 9 5  

1 0 2  7  

1 0 4  4 

1 0 0  9 

9 1  8 

8 9 4 

9 7  4  

A  = 2 - m e t h y l p y r i d i n e  I - o x i d e ;  B  = d i - n - b u t y l  d i s u l f i d e ;  C  = s u l f u r .  

* = S o l v e n t :  M e t h a n o l  I50 m l ) .  C o n v e r s i o n :  1 0 0 % .  Time:  1 2  h .  



From the results in Table 1, the preferred inhibj.tor is sulfur that at the 

2.5-5.08 level reduces the reduction product, 1, to less than 10%. At 7.58 

sulfur, the amount of - 1 is less than 5%. 

If tho mechanism proposed by Bunnett is operative, substitution of chlorine 

for bromine should substantially decrease the amount of reduction during the 

hydrolysis. The resulks of Runs 15-18 demonstrate this to be true. Whereas 

the bromine derivative gave approximately 409. of 1, the hydrolysis of gives 

less than 10%. Addition of 2.5% sulfur reduces the amount to less than 5%. 

In summary, a practical method has been  developed for the preparation of 

2 - a l k y l - 5 - t > y d r o x y p y r i m i d i n e s  from either the chloro or brono precursor. In 

addition, the use of sulfur has been demonstrated as an effective inhibitor 

of SRNl reactions that lead to reduced pyrimidine, especially with the bromo 

derivative. 

EXPERIMENTAL 

Preparation of 2-t-Butyl-5-bromopyrimidine 1%) 

2-t-Uutylpyrin~idine I25 g, 0.18 mol) was added to glacial acetic acid (125 ml) 

containing sodlum acetate (17.2 g ,  0.21 moll. The mixture was heated to 80-C 

and bromine I32 g, 0.18 moll was added dropwise maintaining the temperature at 

80°C. After 3 h, the reaction was analyzed by qc analysis and found to be 

about 80% complete. An additional 7 g of bromine was added and the mixture 

was stirred for an additional 3 h. The reaction mixture was filtered hot and 

the acetic acid was removed via distribution. The residue was diluted with 

dichloromethane and washed with water and dilute aqueous potassium carbonate, 

dried over NgS04, and the dichloromethane was removed on a Blchi evaporator. 

The residue was distilled in vacuum (bp 90'. 3 mm) to give the desired 

2-t-butyl-5-bromopyrimidine 25.7 g 16081, mp, 50-52-C. M s  mlz: 214 (M+,- 

calcd for C8HI1BrN2: 214). Nmr ICDCI I 1.35 I s ,  9, -C(CH ) 1 ,  8.75 3 -3 3 

I s ,  2, H-5.6). 
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 his m a t e r i a l  was  p r c p a r e d  as  d e s c r i b e d  f o r  t h e  bromo d e r i v a t i v e  i n  a c e t i c  

a c i d - s o d i u m  a c a t a t e  s o l u t i o n  a t  55OC. D i s t i l l a t i o n  of t h o  c r u d e  p r o d u c t  g a v e  

2b ( 7 5 % ) .  b p  122-124°C ( 1 0 0  mml, mp 39-40CC.  M s  m /z :  170 IM', c a l c d  f o r  - 

C  H C1N2: 1 7 0 ) .  Nmr (CDCl3I 1 . 3 5  ( 5 ,  9 ,  -ClCI1313),  8 . 6 8  I s ,  2 ,  11-5.6).  
8  11 

2 - 5 - B u t y l - 5 - b r o m o p y r i a i d i n e  151.6 g, 0 .24  n w l l  was  added t o  a 600  m l  

i l a s t e l l o y  C  P a r r  bomb e q u i p p e d  w i t h  m e c h a n i c a l  s t i r r e r  and  c o n t a i n i n g  

a s o l u t i o n  o f  4 0 . 5  g  11.20 mol l  o f  sod ium h y d r o x i d e  i n  350 m l  o f  m e t h a n o l .  

T h e  bomb was s e a l e d ,  h e a t e d  a n d  s t i r r e d  f o r  12 h  a t  160DC.  A f t e r  c o o l i n g ,  

t h e  m e t h a n o l  was removed on a ~ i i c h i  e v a p o r a t n r .  The r e s i d u e  w a s  d i l u t e d  

w i t h  w a t e r  and  n e u t r a l i z e d  t o  pi1 7  w i t h  d i l u t c  h y d r o c h l o r i c  a c i d .  The 

aqueous  s o l u t i o n  was e x t r a c t e d  t w i c e  w i t h  d i c h l o r o m e t h a n e .  The d i c h l o r o -  

m e t h a n e  e x t r a c t  was d r i e d  over EigS04 and  t h c  d i c h l o r o m e t h a n e  was removed 

o n  a a i i c h i  e v a p o r a t o r .  '?lie 0x0 compound was  r e c r y s t a l l i z e d  f rom CC1 
4  to 

g i v e  p r o d u c t  ( 5 . 2 2  q .  1 4 % ) .  mp 146-14E°C. lGmr ICDCl31 1 . 4 0  15. 9 ,  -C(CI13)31, 

6 . 3 5  I d ,  1 ,  J = 7 . 0  112, 11-51, 8 . 0 5  I d ,  1 ,  J = 7 . 0  l lz ,  11-6): i r  [ C C l 4 )  u 1650 

(CO) .  g&. C a l c d  f o r  C81112N20: C, 6 2 . 3 0 ;  11, 7.211: N ,  1 8 . 4 8 .  Found:  

C, 6 2 . 1 5 ;  11, 7 . 8 9 ;  N. 1 8 . 3 0 .  

I s o l a t i o n  o f  2-5--&yl-5-methoxypyrimidine (31 - 

2 - t - B u t y l - 5 - b r o m o p y r i m i d i n e  5 1 . 6  g  ( 0 . 2 4  m o l l ,  sod ium h y d r o x i d e  48 g 

( 1 . 2 0  mol l  a n d  m e t h a n o l  I270 m l )  w e r e  a d d e d  t o  a 600 m l  l l a s t e l l o y  C  P a r r  

bomb e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r .  The bomb w a s  s c a l e d ,  h e a t e d  a n d  

s t i r r e d  f o r  12  h r  a t  15S°C. A f t e r  c o o l i n g ,  t h e  m e t h a n o l  was  removed on 

a Bi ichi  e v a p o r a t o r .  'The r e s i d u e  was  d i l u t e d  w i t h  d i c h l o r o m e t h a n e  a n d  

washed  w i t h  w a t e r .  T h e  o r g a n i c  e x t r a c t  was  d r i e d  o v e r  a n h y d r o u s  K2C03, 

f i l t e r e d ,  and t h e  d i c h l o r o m e t h a n c  was  removed on e ~ i c h i  e v a p o r a t o r .  

The p r o d u c t  was distilled a t  a t m o s p h e r i c  p r e s s u r e ,  c o l l e c t i n g  7 . 5 0  g 1 1 9 % )  



of  a f r a c t i o n ,  b p  215-217Oc. Nlrr ( C D C L ~ I  1 . 4 0  1:;. 9 ,  ~ 1 ~ ~ ) ~ ) .  3 . 8 1  

I s ,  3 ,  - O G 3 ) ,  6 - 3 5  Is.  2 ,  i i - 3 ,61 .  MS m l z :  1 G i .  INt,  c a l c d  f o r  Cg1ll4N20: 1 6 6 ) ,  

2 - t - C u t i r l - i i - c h l o r o ~ i y r i ~ . 1 i d i n e  1100 g ,  0 8  m o l l  was  ackled t o  a 2  liter t i t a n i u m  

Parr bomb e q u i p p e d  w i t h  m e c h a n i c a l  s t l r r e r  and c o n t a i n i n g  a s o l u t i o n  o f  9 5 . 0  g  

( 1 . 7 5 8  m o l l  of s o d i u m  methoxic le  i n  500 n l  oi r u c t h a n o l .  The bomb was s e a l e d ,  

h c a t e d  a i d  s t i r r c f i  for 1 2  11 a t  165-17O0C. ?hc p re s su r i '  w a s  a p p r o x i r n a t c l y  280 

p s i g .  n f t e r  c o o l i n g ,  t h e  c o n t e n t s  w e r e  acidified w i t h  a n l l y d r o u s  !lCl a n d  

f i l t e r e d  a n d  t h c  n ic t l ranol  was  evapo ra t ed .  The  : - e s l d u e  was  d i l u t e d  w i t h  400 ml 

o f  e t h y l  a c c t a t c  a n d  p l a c e r !  I n  the c o n t i n u o u s  c x t r i l c t o r  a l o n g  i r i t l i  400 r n l  o f  

water.  ' rhc s o l u t i o n  was c x t r a c t e 6  f o r  16  h and  t h e  o r g a n i c  p h a s e  was  s e p a r a t e d  

a n d  a n a l y z e d  u s i n g  1,2,3,4-tctrac11loroben;cne a s  t h e  i n t e r n a l  s t a n d a r d .  The 

a n a l y s e s  g a v e  t h c  t o l l o w i r l g :  2 - t - b u t y l p y r 1 a 1 i r i i n c  11). 3 . 3 7 2 :  2 - t - b u t y l - 5 -  

l i y d r o x y p y r i m i d i n c  ( 4 ) .  1OO.5:; nas s  balance, 103.97 , .  I s o l a t i o n  a n d  r e c r y s t a l -  

l i z a t i o n  f r o m  c a r b o n  tetrachloride g a v e  p i o d u r t  170.11  q .  7 9 3 ,  m p  130 -132°C .  

! I :  152  IEI '~,  r:a.Lccl f o r  C 1 1  12N20, 1 5 2 1 .  rmr ICDC1,I 1 . 4 0  i s ,  9 .  -C(Cl13131, 

8 . 3 5  ( 5 .  2 ,  - 5 6 1  9 . 8 0  I b r  s ,  1 ,  0 1 1 1 .  
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